Air pollution adversely influences health of human, especially the indoor air pollution being poor ventilation. This article studied the carbon dioxide concentration dispersion and convective heat transfer in the two-dimensional factory model affected by different convective heat transfers and pollutant concentration levels. The continuity equation, momentum equations, heat transfer equation, and species concentration equation for an unsteady state are numerically solved based on the finite element method. The simulation results are found that the inlet air velocity is the main factor affecting the pollutant concentration dispersions. The effect of the air temperature on pollutant dispersion is greater at higher temperature difference between the inlet air temperature and the initial temperature. The average pollutant concentration ratios in the factory are similar. Although, the average pollutant concentrations in the factory increases with the pollutant concentration levels. The obtained results can apply in the prediction of pollutant concentration dispersion and ventilation system management.
INTRODUCTION
Pollution has been a significant problem that affects our health, especially indoor air pollution. There are many kinds of pollution sources such as combustion process, cooking, smoking, and other sources [1] . Breathing the air contaminated with pollutants can make you ill such as irritation, headache, dizziness, and fatigue [2] [3] [4] .
In the past, there were many researches to study the pollutant concentration dispersion both outdoor and indoor pollution. The outdoor pollution has been studied about the effects of pollutants concentration on urban and river. Vasile et al. [5, 6] studied the pollution in a river and decreasing the pollutant concentration by using a neutralizing agent in order to counteract the pollutant spreading effect in the river. The pollution in the river was numerically solved by a simulation program based on the finite element method. Gualtieri, Carlo [7] studied the pollution simulation based on Reynolds Average Navier-Stokes (RANS), and the simulated results were verified by comparing with the experimental results. The preliminary results simulating the transverse mixing of steady state in two-dimensional rectangular geometry were presented. Amorim et al. [8] studied the effects of trees on pollutant concentration in the urban models. The pollutant concentration dispersion was calculated based on the RANS and URban VEgetation (URVE). From this research, the different wind directions and urban models can affect the pollutant concentration dispersion.
The indoor air has been studied about the ventilation efficiency both with and without air pollution. The most researches have studied the ventilation efficiency without air pollution. Theses researches always studied the effects of temperature, moisture, pressure, air velocity, directions of flow and other variables on ventilation efficiency [9] [10] [11] [12] . After that, analyzing the ventilation systems are considered together with the indoor air pollution. There are many variables can affect the indoor air pollution. Zheming et al. [13] studied the effects of outdoor air pollution on the indoor air pollution based on Large Eddy Simulation (LES) with unsteady turbulent flow. Increasing the distance between building and road can decrease particle concentration in the indoor building. However, the particle concentration may depend on the other variables such as particle size, wind direction, inlet area size and location of inlet. The effects of inlet and outlet have been studied. Qi-Hong Deng et al. [14] studied the effects of the strength of heat source (Gr), the strength of contaminant source (Br), the strength of external ventilation (Re), and the position of the outlet. This research numerically investigated the fluid, heat and pollutant transport structures in a twodimensional and laminar flow model. The outlet located nearest the pollution source with high forced convection is the best case for removing the pollutant and heat out of the model. Shi-Jie Cao et al. [15] studied the influence of ventilation rates on the indoor air quality with buoyancy force effect based on RANS. An increase in the inlet ventilation rate can increase the impact on pollutant concentration. Shui Yu et al. [16] numerically studied eliminating benzene pollutant of four different natural ventilation strategies by using Airpak 3.0 simulation program in order to find the suitable ventilation strategies. The four different natural ventilation strategies are varied by the size of the windows of the residential building. The three-dimensional residential model was simulated by computational fluid dynamics (CFD) with steady state k-e turbulent model. The pollutant concentration decreases with the sum of the area sizes of inlets. Mao Ning et al. [17] studied the effects of the located heights of the supply air outlet on the ventilation. This article used the CFD simulation program with the SST turbulence model. The lower located heights of the supply air outlet are better for saving energy and removing the pollutant in a breathing zone. Although, the temperature of the whole room decreases with located height of the supply air outlet. Mohamad Kanaan and Khaled Chahine [30] studied the effects of different ventilation schemes in ventilating electrical rooms based on finite volume method. Their study shown that the decrease in height of the exhaust fans can improve the cooling effect. Wufeng Jin et al. [18] studied the ventilation of R32 concentration leaking from a floor type air conditioner. The R32 concentration is inversely proportional with the heights of outlet because the density of R32 is higher than the density of air. Therefore, the outlet should be located at the lower heights. Moreover, the high pollutant concentration on the same height plane always occurs in the corner of the room. The position and size of the inlet and outlet are significant for managing the pollutant concentration dispersion. However, changing the ventilation systems are difficult when the room or building was already built. Ruining Zhuang et al. [19] studied the effects of furniture layouts and the positions of inlet and outlet on the indoor air quality. There were three different furniture layouts and four different ventilation systems. The formaldehyde concentration dispersion is simulated by ANSYS 13.0 with the turbulent model as RNG k-e in the three-dimensional model. Changing the furniture layout can affect the air flow field, temperature distribution, and formaldehyde concentration dispersion. The pollution source located nearest the outlet is the best case. Yu Shui et al. [20] studied the effects of the different location of the purifier, different purification efficiency and different opening time on formaldehyde concentration dispersion. The purifier located nearest the pollution source is appropriate to reduce the pollutant concentration in the whole room. Keramatollah Akbari et al. [21, 22] studied the effects of temperature, relative humidity, pressure difference, and ventilation rate on the indoor radon. The obtained results are simulated by FLUENT CFD package with steady state laminar and turbulent flow in the three-dimensional model. The ventilation rate and temperature are inversely proportional with the radon concentration. An increase in the relative humidity can decrease the radon concentration. However, the radon concentration increases when the relative humidity is higher than 70 percentages. The radon concentration dispersion in the whole room increases with the pressure difference. However, Keramatollah Akbari et al. [23] studied the effects of ventilation on radon concentration. The pressure jump in exhaust fan considered between 2-20 pascal is inversely proportional with the radon concentration. Van Schijndel [24] considered the different simulation methods as finite element method (FEM), building energy simulation (BES) and statespace (SS) in order to investigate the efficiency of the methods. These simulation methods numerically solve heat transfer, moisture, and pollution. However, the finite element method did not still consider the effects of moisture and pollutant concentration dispersion.
This article studied the combined pollutant concentration dispersion and convective heat transfer in the two-dimensional factory model. Moreover, the diffusion coefficient of the pollutant in this study depends on the temperature. This study is different from some articles studied only the effects of the ventilation on pollutant concentration. The CO2, contaminated in air, concentration has three different levels emitted from both furnaces. In addition, the factory is affected by the different air velocities and the different inlet air temperatures of the factory. The governing equations with the unsteady state were numerically calculated by the simulation program based on the finite element method (FEM). The model was verified with the results of the previous researches. This article aimed to study the relation of variables, the variation of variables with time and analyzation to find the main variable affecting the velocity, temperature and pollutant concentration for the ventilation system management in the factory model.
MATERIALS AND METHODS
This article studied the combined pollutant concentration dispersion and convective heat transfer in the two-dimensional factory model (Figure 1 ). The CO2, contaminated in air, is emitted from high fixed temperature furnaces. Moreover, the factory is affected by the convective heat transfer at the inlet of the factory.
Governing equations
This article studied the combined pollutant concentration dispersion and convective heat transfer in the two-dimensional factory model with an unsteady state.
The continuity equation and momentum equations define the characteristic of flow. In addition, the heat transfer equation is also studied. This model is affected by the convective heat transfer at the inlet and the high fixed temperature at the surfaces of both furnaces. Analysis of the convective heat transfer is assumed that:
(1) The characteristics of fluid flow are laminar and compressible.
(2) The body force from gravity and buoyancy force is not included.
(3) The factory is not affected by the radiation from the outdoor environment.
(4) There is no phase change of the fluids.
The continuity equation The momentum equations
The heat transfer equation
where  is the density of air (kg.m (1) The inlet air temperature of 21.2 °C is the lowest temperature in the winter and lower than the initial temperature.
(2) The inlet air temperature of 28.2 °C is the average temperature in the rainy season and approximates to the initial temperature.
(3) The inlet air temperature of 36.2 °C is the highest temperature in the summer and higher than the initial temperature.
The 
The assumptions of pollutant concentration dispersion are:
(1) The pollutant is the carbon dioxide contaminating the air.
(2) The air and carbon dioxide do not react with each other.
The carbon dioxide consisted of air is neglected. The species concentration equation for unsteady time and constant diffusion coefficient can be written as Eq. (7). 
where N is the molar flux (mol.
.s -1 ). In this article, there are three different concentration levels (C0) of carbon dioxide emitted from both furnaces as shown below [26] :
(1) Level 1: 0.1 mol.m -3 of pollutant concentration sources can cause a headache, sleepiness and stagnant.
(2) Level 2: 0.5 mol.m -3 of pollutant concentration sources is the highest concentration limit that human can endure. Moreover, it can lead to oxygen deprivation.
(3) Level 3: 1.0 mol.m -3 of pollutant concentration level contribute to oxygen deprivation immediately.
The diffusion coefficients of air-carbon dioxide depending on temperature are shown in Table 1 . [27] . 
Numerical procedures
The numerical study of the combined pollutant concentration dispersion and convective heat transfer in the two-dimensional factory model is solved by a simulation program based on the finite element method (FEM). COMSOL Multiphysics TM is the simulation program to solve these equations in this study [28] .
An investigation of mesh independence at a measured point (20, 10) is found that the number of elements is 12,683 elements. The characteristic of elements is the triangular element. The maximum element size is 0.56 m, and the minimum element size is 0.008 m (Figure 2) . 
VALIDATION
The validation of the pollutant concentration dispersion is verified by comparing with the maximum of pollutant concentration at several points in the research of Gualtieri [7] . Their research studied based on finite element method with the RANS equations. An independence mesh of the k-ϵ turbulent Figure 3 .
The validation of the convective heat transfer is verified by comparing with research of Menni and et al. [29] . Their research studied the effect of the baffle L-shape with Reynolds numbers between 12,000 to 30,000 based on finite volume method (FVM). The validation is comparison with the result as Reynold number of 12,000. An independence mesh of this model of 12,200 elements. Comparing the patterns of convective heat transfer shows that the patterns are similar (Figure 4) . Therefore, these validations can be an acceptable results. The different result may be caused by the incomplete simulation data of the previous articles. 
RESULTS AND DISCUSSIONS
The obtained results from studying the combined pollutant concentration dispersion and convective heat transfer in the two-dimensional factory model are demonstrated in Section 4.1-4.4.
Effects of heat transfer on pollutant concentration dispersion
The effects of heat transfer on pollutant concentration dispersion are shown in Figure 5 . In the first period, the average pollutant concentrations in factory analyzed together with the heat transfer equation are lower than the average pollutant concentration in factory analyzed without the heat transfer equation. This is because their average diffusion coefficients are lower than the diffusion coefficient of the case analyzed without the heat transfer equation. After that, the temperature in the whole factory increases, and the diffusion coefficient also increases. Therefore, in the last period, the average pollutant concentrations in factory analyzed together with the heat transfer equation are higher than the average pollutant concentration in factory analyzed without the heat transfer equation. However, the average pollutant concentrations in the factory are still similar.
In this article studied the combined pollutant concentration and the convective heat transfer in the two-dimensional factory model. Moreover, the diffusion coefficient depends on the temperature (Table 1 
Temperature distributions
The inlet air temperature and the high fixed temperature at the surface of both furnaces highly affect the temperature distributions in the factory. In the first period, the high temperature occurs around both furnaces due to the effect of the high fixed temperature at the surface of both furnaces. However, it is decreased by the effect of inlet air temperature. After that, the temperature in the whole factory increases due to the effects of inlet air temperature and high fixed temperature at the surface of both furnaces ( Figure 6 ). This is because these temperatures are higher than the initial temperature.
The effects of the inlet air temperatures on temperature distributions are shown in Figure 7 . An increase in the inlet air temperature raises the temperature in the whole factory, especially the temperature around the first furnace. However, each temperature distribution is similar. Additionally, the average temperature in the factory is higher at higher inlet air temperature (Figure 8 ). The average temperatures in the factory are higher than the initial temperature. Although, in the first period, some inlet air temperature being lower than the initial temperature decrease the average temperature in the factory to be lower than the initial temperature.
The effects of the inlet air velocity on temperature distributions are shown in Figure 9 . An increase in the inlet air velocity decreases the temperature around both furnaces when the inlet air temperatures are lower than the initial temperature. Contrarily, the increase in the inlet air velocity increases more temperature in the other area when the inlet air temperatures are higher than the initial temperature. In the first period, the average temperature in the factory is higher at higher inlet air velocity. However, in the last period, most of the average temperatures in the factory are similar, except for the inlet air temperatures being lower than the initial temperature. Its average temperature in the factory is lower at higher inlet air velocity (Figure 8 ). The effects of the pollutant concentration levels on temperature distributions are shown in Figure 10 . The concentration levels can slightly affect the temperature distributions and the average temperatures in the factory (Figure 11) . Therefore, the inlet air temperature is the main factor affecting the temperature distributions and the average temperatures in the factory. The temperature distributions are similar. The high temperature always occurs around both furnaces due to the effect of the high fixed temperature at the surface of both furnaces. 
Velocity fields
The primary flow flows from the inlet to the outlet of the factory and slows down after it flows through the first furnace. Meanwhile, the secondary flows occur throughout the factory. The velocity at the outlet of the factory is high due to the effects of high pressure within the factory. The patterns of velocity fields in the last period are more turbulent than the patterns of velocity fields in the first period ( Figure 12 ).
Figure 12. Velocity fields varying with time
The effects of the inlet air temperature on velocity fields are shown in Figure 13 . The inlet air temperatures can slightly affect the velocity fields. The velocity fields are similar. Although, an increase in temperature difference between the initial temperature and the inlet air temperature causes more turbulent flow and longer flow distance of the primary flow. Additionally, the average velocities in the factory are similar (Figure 14 (b) ).
The effects of the inlet air velocity on velocity fields are shown in Figure 15 . The increase in the inlet air velocity increases the air velocity, especially the velocity of primary flow. The flow distance of the primary flow is longer. However, the patterns of velocity fields are similar. Additionally, the average velocity in the factory is higher at higher inlet air velocity (Figure 14 (a) ).
The effects of the pollutant concentration levels on velocity fields are shown in Figure 16 . The increase in the pollutant concentration level can decrease more velocity of the primary flow after it flows through the first furnaces. However, the patterns of velocity fields are similar. Additionally, the average velocities in the factory are similar (Figure 14 (c)) .
Therefore, the inlet air velocity is the main factor affecting the velocity field and the average velocity in the factory. The maximum velocity and the average velocity in the factory increase with the inlet air velocity. 
Pollutant concentration dispersions
The CO2 pollutant is constantly emitted from both furnaces. The pollutant concentration dispersions in the factory are affected by the convective heat transfer at the inlet. In the first period, the maximum pollutant concentration occurs around both furnaces, especially around the first furnace. This is because the pollutant concentration dispersion at the first furnace is affected by the convective heat transfer higher than at the second furnace, and the area under the primary flow of the first furnace is narrower than the area under the primary flow of the second furnace. In addition, the second furnace located near the outlet is easier for removing the pollutant, according to the research of Ruining Zhuang et al. [19] . In the last period, the CO2 pollutant spreads throughout the factory. However, the maximum pollutant concentration is still around both furnaces. The pollutant concentrations increase to a steady state during 15-20 minutes (Figure 17 ). The effects of the inlet air velocity on pollutant concentration dispersions are shown in Figure 18 . The pollutant concentration dispersions are similar. Although, they are slightly different at the first furnace. The pollution sources emit more pollutant at higher inlet air velocity. However, the increase in the inlet air velocity is also good for increasing the ventilation efficiency. Therefore, in the first period, the average pollutant concentration in the factory is higher at higher inlet air velocity. In the last period, it is lower at higher inlet air velocity (Figure 19 ).
The effects of the inlet air temperature on pollutant concentration dispersions are shown in Figure 20 . The increase in the inlet air temperature raises the pollutant concentration dispersion around the first furnace. This is because the diffusion coefficient property is proportional to the temperature.
Additionally, the average pollutant concentrations in the factory affected by the inlet air temperature are shown in Figure 21 . The average pollutant concentrations in the factory are similar. The effects of the concentration levels on pollutant concentration dispersions are shown in Figure 22 . The pollutant concentration is higher at higher pollutant concentration level, especially around both furnaces. Additionally, the average pollutant concentration in the factory is higher at higher pollutant concentration level. However, the pollutant concentrations ratios of the average pollutant concentrations in the factory to the pollutant concentration levels are similar (Figure 23) . Therefore, the pollutant concentration levels can slightly affect the pollutant concentration dispersions.
Therefore, the inlet air velocity is the main factor affecting the pollutant concentration dispersion and the average pollutant concentration in the factory. Moreover, the pollutant concentration level can affect the average pollutant concentration in the factory. However, the pollutant concentration ratios of the average pollutant concentrations in the factory to the pollutant concentration levels are similar. The average pollutant concentration in the factory does not suddenly harm the health of human. However, the pollutant concentration around both furnaces is still dangerous.
CONCLUSIONS
This article studied the combined pollutant concentration dispersion and convective heat transfer in two-dimensional factory model, in order to study the effects of different convective heat transfers and pollutant concentration levels on the velocity fields, temperature distributions and pollutant concentration dispersions. The continuity equation, momentum equations, heat transfer equation, and species concentration equation for the unsteady time are numerically solved based on the finite element method.
The results show that the inlet air velocity is the main factor affecting the pollutant concentration dispersions. The average pollutant concentration in the factory is lower at higher inlet air velocity, especially in case of the high temperature difference between the inlet air temperature and the temperature in the whole factory. Moreover, the average pollutant concentration in the factory is higher at higher pollutant concentration level. However, the pollutant concentrations ratios are similar. The high pollutant concentration occurs around both furnaces, especially around the first furnace. The inlet air temperature is the main factor affecting the temperature distributions and the average temperatures in the factory. Also, the inlet air velocity is the main factor affecting the velocity fields and the average velocities in the factory. However, there are many variables that may affect these phenomena, such as wind direction, pressure difference, and the relative humidity.
Therefore, the results of this article can apply for predicting the phenomena of pollutant concentration dispersion and managing the ventilation systems.
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